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The peritoneal equilibration test in children. The peritoneal equilibra-
tion test (PET) has been recommended in adults as a standardized
means of estimating solute transport. Based on results of the PET, adult
peritoneal permeability has been classified as high, high average, low
average, and low. We performed a PET on 32 children aged 0.8 to 17.8
years (mean 9.3) using a dwell volume of 32 5mI/kg of 2.5% dialysate.
Dialysate to plasma (DIP) ratios for creatinine, urea, and sodium were
calculated at two and four hours as were the ratios of dialysate glucose
at two and four hours to the dialysate glucose at time 0 (DID0).
Stepwise logistic regression identified only the patients' age and D/Do
glucose values at two hours as significant predictors of ultrafiltration.
Net ultrafiltration after a four hour dwell could be predicted for 75% of
children above 9.3 years, or whose DIDo glucose value at two hours
was greater than 0,45. The mean and standard deviation values for
DIDo glucose and DIP creatinine at four hours were 0.31 0.17 and
0.71 0.12, respectively. When children are characterized according to
adult standards, at least 70% fall into the high or high average
permeability categories.
Each patient's peritoneal membrane has distinct ultrafiltra-
tion and solute transport characteristics. However, in adults,
using a standardized peritoneal equilibration test (PET), Twar-
dowski et al have shown that patients can be categorized as
having rapid, normal, or slow peritoneal solute transport rates
[1]. Also, it has been reported that different peritoneal dialysis
modalities are optimal for patients in each category, such as
patients in the rapid solute transport category are best dialyzed
using rapid exchanges, and fluid retention might be anticipated
in this group with standard CAPD [2]. Apart from six patients
reported by Mactier et al [3], there is little information available
on the use of this standardized PET in children. Because a
variety of authors have reported rapid glucose transport in
children compared to adults [4, 51, we have performed a similar
PET in children on chronic peritoneal dialysis. Our results are
compared to those obtained in adults to determine if solute
transport varies with the age and weight of the patient. Also, we
wished to see if the PET results might help in future to choose
the most efficient peritoneal dialysis regimen to achieve satis-
factory ultrafiltration in children of different ages.
Methods
Patients
All patients had end-stage renal disease and were maintained
on chronic peritoneal dialysis at The Hospital for Sick Children.
The following data were collected for each patient; weight, age,
date dialysis started, and date of last peritonitis episode (if any).
The PET was carried out by one of two peritoneal dialysis
nurses (M.S., Y.G.) using the following standardized tech-
nique:
(1) Approximately 30 mI/kg 2.5% dialysis solution was infused
on the evening prior to the PET and allowed to dwell for 8
to 12 hours.
(2) The abdomen was drained over 20 minutes, the volume
recorded, and a sample saved.
(3) Approximately 30 ml/kg of 2.5% dialysate was reinfused
over exactly 10 minutes, while the patient intermittently
rolled from side to side. Zero dwell time was the time the
infusion was completed.
(4) Dialysate samples were collected at 0 and 2 hours dwell
time. An aliquot (3 to 5 ml/kg) of dialysate was drained into
a collection bag, mixed by inverting several times and 5 ml
removed and stored. The remaining dialysate was rein-
fused. All patients were studied using Y tubing, (Ultra Set,
Baxter Healthcare Corp.). The dead space and recirculation
volume were limited to that of the tubing distal to the Y
junction and the catheter combined, a total of 5 ml.
(5) After four hours the patient was drained completely over 20
minutes, the collection bag mixed by inverting several
times, and a dialysate sample removed and stored. The
drainage volume was recorded.
(6) A single serum sample was obtained during the procedure.
(7) Each dialysate and serum sample was analyzed for sodium,
glucose, creatinine and urea content.
All serum samples, and dialysate urea and creatinine sam-
ples, were analyzed on a Kodak Ektachem 700 machine.
Dialysate sodium was measured by flame photometry and
dialysate glucose on a Beckman glucose analyzer 2.
Consent was not obtained as the PET was used to assist with
patient care, peritoneal permeability was classified according to
adult data and the dialysis schedule was adjusted accordingly.
Peritoneal transport was estimated from dialysate (D) to
plasma (P) ratios of urea, sodium, and creatinine (DIP)calcu-
lated at 0, 2, and 4 hours. Similarly, the ratio of dialysate
Received for publication September 23, 1991
and in revised form February 6, 1992
Accepted for publication February 6, 1992
© 1992 by the International Society of Nephrology
102
Geary et a!: The peritoneal equilibration test 103
Table 1. The ages and weights of the children, together with various laboratory data and their ultrafiltration volumes divided into four
age groups
N Age years
Weight
kg
UF volume
mi/kg
DIDo
-
gluc2 gluc4
D/P
creat2 creat4 urea2 urea4 Na2 Na4
8 Group 0—4.0
Mean 2.52 9.8 2.6 0.37 0.20 0.63 0.81 0.87 0.99 0.94 0.98
Range 0.79—3.89 4.6—12.7 —3.3—+8.8 0.23—0.61 0.10—0.39 0.26-0.83 0.69—0.96 0.69—0.97 0.87—1.12 0.82—1.00 0.91—1.01
4 Group 4.1—8.0
Mean 5.89 17.6 1.0 0.47 0.29 0.61 0.75 0.87 0.99 0.93 0.96
Range 5.48—6.55 16.2—19.5 —8.0—+5.1 0.35—0.58 0,16—0.40 0.49—0.75 0.61—0.89 0.80—0.97 0.96—1.06 0.86—0.97 0.90—0.99
9 Group 8.1—12.0
Mean 9.59 25.7 —2.5 0.44 0.29 0.53 0.68 0.76 0.94 0.84 0.87
Range 8.68—11.88 20.0—31.5 —8.8—+6.9 0.25—0.65 0.16—0.37 0.45—0.63 0.59—0.77 0.49—0.91 0.68—1.11 0.55—0.96 0.70—0.98
11 Group >12.0
Mean 15.12 43.8 —5.2 0.52 0.41 0.53 0.65 0.78 0.94 0.88 0.91
Range 12.19—17.88 23.0—56.3 —15.8—+2.5 0.10—0.87 0.11—0.93 0.35—0.68 0.44—0.95 0.59—0.93 0.75—1.05 0.52—0.97 0.64—0.99
Abbreviations are: UF volume, ultrafiltration volume; D/Do gluc2, dialysate glucose at 2 hours to dialysate glucose at time 0 ratio; D/Do gluc4,
dialysate glucose at 4 hours to dialysate glucose at time 0 ratio; D/P creat2, dialysate to plasma creatinine ratio at 2 hours; D/P creat4, dialysate
to plasma creatinine ratio at 4 hours; D/P urea2, dialysate to plasma urea ratio at 2 hours; D/P urea4, dialysate to plasma urea ratio at 4 hours; DIP
Na2, dialysate to plasma sodium ratio at 2 hours; D/P Na4, dialysate to plasma sodium ratio at 4 hours.
glucose at a given time to the dialysate glucose level at time 0
(D/Do) was used to estimate the transport of glucose across the
peritoneum. The greater the D/P ratio of a solute at any time
point, the more rapid the transport of that solute across the
peritoneum. Conversely, the smaller the DIDo glucose ratio,
the more glucose transported across the membrane.
The peritoneal membrane was classified as being highly
permeable if the D/P ratio of a substance was greater than one
standard deviation above the mean; high average permeability
included values between the mean and plus one standard
deviation: low average permeability included values between
the mean and minus one standard deviation, and low perme-
ability, values more than one standard deviation below the
mean. Peritoneal permeability was similarly classified using
D/Do glucose values, with lower values, representing greater
permeability.
The association between each D/P ratio, D/Do glucose value,
patient age, weight and ultrafiltration volume was measured
using Pearson's product moment correlation.
Stepwise logistic regression was used to determine which
factors were predictive of ultrafiltration. The factors considered
were all DIP ratios, D/Do glucose values, age and weight.
Univariate screening was used to select factors for entry into
the stepwise program. Specifically, the Mann-Whitney U test
was used to compare each factor for patients who achieved
ultrafiltration and those who did not. If the P value was less
than 0.25 the factor was included in the stepwise selection [6].
The P value for entry of terms into the model was 0.10. For
removal of terms P value was set at 0.15. ED75 values were
calculated for the variables which were found to significantly
influence ultrafiltration. (The letters ED are an abbreviation for
the words "expected dose.") In this instance the ED75 esti-
mates the value for a variable at which 75% of patients will
ultrafilter. Finally, a second model was fit to test for an
interaction between those variables which had been shown to
influence ultrafiltration.
Results
A PET was carried out once in each of 32 children with
end-stage renal disease. The mean age of the children at the
time of the test was 9.3 years (range 0.8 to 17.8) and their mean
weight was 27.0 kg (range 4.6 to 56.3). The mean time since
starting dialysis was 126 days (range 5 to 739). Four of the
children had experienced an episode of peritonitis prior to
testing, none within the previous month. A PET was performed
in all children starting chronic peritoneal dialysis between June
1989 and June 1991. In addition, a number of stable children on
maintenance dialysis were studied. No patients were studied
because of suspected membrane failure.
The age and weight distribution together with all the D/P and
D/Do ratios, and the net ultrafiltration volumes for all the
children, divided into four age groups, are shown in Table 1.
The net ultrafiltration volume correlated positively with the D/P
creatinine ratio (r = 0.504, P < 0.01) and negatively with the
ratio of D/Do glucose (r —0.683, P <0.001) at four hours, that
is, the drainage volume was greater in patients with lower D/P
creatinine ratios and higher D/Do glucose ratios. However,
there was no correlation between peritoneal permeability to
glucose, and that of either sodium (r = —0.081, P> 0.2) or urea
(r =
—0.055, P > 0.2). Similarly, the D/P ratios of sodium (r =
0.113, P> 0.2) and urea (r = —0.124, P> 0.2) did not correlate
with the net ultrafiltration volume.
Stepwise logistic regression identified only the patient's age
and D/Do glucose value at two hours as significant predictors of
ultrafiltration at four hours. The ED75 for age was estimated to
be 9.3 years, and for D/Do glucose at two hours was 0.45. Net
ultrafiltration after a four hour dwell can therefore be predicted
for 75% of children above 9.3 years or whose D/Do glucose at
two hours is greater than 0.45. There was no evidence of an
interaction between these two significant predictors of ultrafil-
tration. Thus prediction of ultrafiltration from the D/Do glucose
value at two hours is constant across age.
Figure 1 illustrates the curves obtained when D/Do glucose
and D/P creatinine are plotted against time. The mean and
standard deviation values for D/Do glucose and D/P creatinine
at four hours are 0.31 0.17 and 0.71 0.12, respectively.
According to the plot of D/P creatinine against time, four
children are classified as having highly permeable peritoneal
membranes, 11 are high average, 11 are low average, and six
have low permeability membranes. If categorized according to
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Fig. 1. Plotof DIDo glucose values and DIP creatinine values against
rime. Lines correspond to the mean I and 2 so, that is, high, high
average, low average, and low categories,
the plot of D/Do glucose against time, three are highly perme-
able, 15 are high average, 10 are low average, and three are low.
The numbers of patients in each category classified according to
the results of Twardowski et a! are shown in Tables 2 and 3.
Discussion
The PET is recommended in adults as a simple standardized
means of determining the optimal peritoneal dialysis schedule.
Based on results of the PET, patients have been classified as
having rapid, normal, or slow solute transport rates. Patients in
the rapid solute transport category are reported to dialyze most
efficiently using short dwell times, those classified as having
normal solute transport characteristics are suited to standard
CAPD, whereas satisfactory creatinine and urea removal might
not be possible using any form of peritoneal dialysis in those
with slow solute transport rates [7].
Compared to adults, the use of nocturnal cycling machines is
more common in children [81. At present, there is little scientific
foundation to support the increased use of cyclers in children,
and the major impetus leading in this direction appears to be
convenience. Although it has been suggested that the incidence
of peritonitis in children is reduced with the use of cyclers, [9]
this is not universally accepted [10]. However, it has been
reported that glucose absorption from dialysate occurs more
rapidly in small children [3, 4, 5], and it is difficult to achieve
satisfactory ultrafiltration with standard CAPD in small oliguric
infants. A standardized test to help predict the optimal dialysis
Adult's
Permeability standards No. of children
High >0.81 7
High average 0.65—0.81 16
Low average 0.50—0.64 8
Low <0.50 1
Adult's
Permeability standards No. of children
High <0.26 12
High average 0.26—0.38 12
Low average 0.39—0.49 5
Low >0.49 2
schedule should therefore have even greater application in
children than in adults.
The PET we used was a modification of that proposed by
Twardowski et al [1]. The mean DIP creatinine (0.71) and D/Do
glucose (0.31) values at four hours in our patients were not
markedly different from the equivalent values reported for
adults, 0.65 and 0.38, respectively [1]. However, as shown in
Tables 2 and 3, the great majority of our patients, particularly
the younger ones, fit into Twardowski's high and high average
solute transport categories. Only two of our patients (both
adolescents) could be classified as having low peritoneal per-
meability. This supports the clinical impression that children
often require rapid exchanges to achieve adequate ultrafiltration
and may be most suited to dialysis using a cycling machine. The
dialysate dwell volume we employed was relatively small (32
5 mllkg) compared to that used clinically in many pediatric
peritoneal dialysis programs. This was to prevent leakage in
those patients who were studied soon after insertion of the
peritoneal catheter. Although the dwell volume we employed
was relatively small for pediatric dialysis it is probably larger
than that used by Twardowski et al per kilogram of body
weight. Since larger dwell volumes would be expected to
increase solute excretion and ultrafiltration this might explain
the difference between our results and those reported in adults.
The larger surface area of the peritoneum per kilogram body
weight in children [11] permits the use of larger dwell volumes
and may explain the increased efficiency of dialysis in younger
patients.
The DIP ratios of urea and sodium in our patients correlated
poorly with the D/Do glucose ratio, the ages and weights of the
children, and their ultrafiltration volumes, On the other hand,
the peritoneal permeability to creatinine and glucose was
closely related to the UF volume obtained, and each varied
consistently with the ages and weights of the patients. There-
fore, although our study could provide standard curves for
D/Do glucose, and D/P creatinine, urea, and sodium ratios over
a four-hour dwell period, in children of different ages, only
those for creatinine and glucose have been included. Tward-
owski et al found a close correlation between peritoneal per-
meability to sodium, creatinine and glucose, and ultrafiltration
C.)
a)
0
1.0
0.8
0.6
0.4
0.2
0.0
+2 so
Table 2. Characterization of children's membrane permeability
according to the adult's standards for D/P creatinine
+1 SD
x
—1 SD
0 1 2 3 4
Time, hours
1.0
—2 SD
0.8
0.6I-
C.,
Table 3. Characterization of children's membrane permeability
according to the adults standards for D/Do glucose
0.4
+2 so
+1 SD
x
—1 SD
—2 SD
0.2
0.0
0 1 2 3 4
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volumes, [1] and concurred with our observation that urea
excretion is less useful for predicting drain volumes. The
difference between our results and those of Twardowski et al
with respect to sodium is unexplained.
The finding that patient age was one of only two variables
predictive of ultrafiltration was not unexpected in view of
previous reports of rapid glucose absorption from dialysate in
young children [4, 51. Nonetheless, it was somewhat surprising
that net ultrafiltration after four hours was achieved in only
three of 12 children aged less than eight years and weighing less
than 20 kg, compared to 18 of 20 older and heavier children.
Clinical experience suggests that usually only infants fail to
ultrafilter satisfactorily on standard CAPD. However, Mactier
et a! [3], have shown that lymphatic absorption in older chil-
dren, when compared to adults, is increased. This will reduce
net ultrafiltration, Nonetheless, confirmation of our statistical
prediction that the age above which 75% of children can be
expected to achieve ultrafiltration is as high as 9.3 must await
further studies in larger numbers of children.
The D/Do glucose value at two hours was the second variable
found to be predictive of ultrafiltration. Theoretically negative
fluid balance should occur in 75% of patients when this value is
greater than 0.45. If this finding is confirmed by other investi-
gators it might permit the use of an abbreviated, simplified, PET
to predict the optimal peritoneal dialysis schedule for an indi-
vidual child. Satisfactory use of an abbreviated version of PET
has been reported in adults [12].
The aliquot of dialysate drained to the collection bag for
sampling was 3 to S ml per kilogram body weight. With
standardized tubing for all children this might have produced
some inaccuracy in the results, that is, the dead space or
recirculating volume would be relatively large for smaller
children. To minimize this problem Ultra-Set tubing (Baxter
Healthcare Corp.) which contains a Y junction was used. This
reduced the recirculation volume to 5 ml. This recirculation
probably had a negligible influence on our results except in the
three children who weighed less than 10 kg. Also, dialysate was
infused over 10 minutes in all our patients. During this interval
changes in solute and water movement could occur. However,
because this infusion time was standardized for all children, it
should not influence the comparison of results between pa-
tients. A marker for dialysate volume change was not employed
in our study because we were primarily interested in determin-
ing how simple D/P solute and D/Do glucose ratios would
compare between our pediatric population and the reported
adults, and to see if these ratios might in future be of value in
predicting ultrafiltration for a child commencing maintenance
peritoneal dialysis. More comprehensive data can be obtained
when such a marker is employed [3].
The decision to use a single blood sample was made to
minimize discomfort for the children, after determination that
this was the more recent practice in large adult series [2, 13].
Nonetheless, the possibility exists that changes in blood values
might occur during the test period which might effect the
results.
Despite being the most comprehensive report of a standard-
ized PET in children to date, the present study leaves many
unanswered questions. Because our patients were studied after
different periods on dialysis, and because each patient was
studied only once, the effect of dialysis duration on peritoneal
solute transport remains unclear. The influence of prior perito-
nitis on peritoneal permeability could not be evaluated because
only four of our patients were previously infected. It has been
reported that ultrafiltration is reduced in polyuric patients [7].
Although residual urine output was minimal in most of our
patients, this was not specifically measured at the time of study,
and may have influenced our results. These are questions which
will only be answered by studying a larger patient population.
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